Background: The U.S. Department of Health & Human Services (USDHHS) recommends that health material be written at or below a sixth-grade reading level to ensure readability. Purpose: The aim of this study was to investigate the readability of online smoking cessation materials from several government and voluntary health organizations. Methods: A purposive sample of publicly accessible governmental and voluntary health organization websites was selected. The readability of the websites' smoking cessation information was estimated using the previously validated SMOG readability formula, which determined reading level by correlating the number of polysyllabic words. Results: Of the 55 websites included in the analysis, none had cessation information at the USDHHS's recommended reading level. The material ranged in reading level from seventh grade to a third year in college. Discussion: The findings indicate that the online cessation materials need to be modified in order to reach recommended reading levels. Translation to Health Education Practice: This study can be of practical use to Health Educators when designing, modifying, and evaluating smoking cessation materials. Several free, online government resources are available to assist Health Educators in using simple, non-polysyllable words to ensure that smoking cessation materials are written at the recommended reading levels.
Background
Smoking is a major public health issue in the United States. Roughly 15% of adults in the United States, over 36 million people, are current smokers. 1 It is estimated that every day, over 3200 people under 18 years old smoke for the first time. 2 In addition, each day, roughly 2100 adolescents and young adults will transition from occasional smokers to daily smokers. 2 Firsthand and secondhand smoke is associated with negative health outcomes. Over 16 million Americans are currently coping with a disease caused by smoking. Decades of research show sufficient evidence to infer a causal relationship between smoking and several cancers and diseases. For example, research strongly indicates that smoking causes lung cancer, liver cancer, colorectal cancer, prostate cancer, and breast cancer. 2 Likewise, research suggests that smoking causes chronic obstructive pulmonary disease, emphysema, chronic bronchitis, heart disease, stroke, diabetes, early pregnancy, ectopic pregnancy, and erectile dysfunction. 2 In addition, firsthand and secondhand smoke is associated with mortality. In fact, smoking is the still the leading cause of preventable death in the United States. Researchers estimate that smoking kills 480 000
Americans each year, including 41 000 deaths from secondhand smoke. 2 In other words, smoking causes roughly one out of every 5 deaths in the United States, or 1300 deaths per day. 2 The Centers for Disease Control and Prevention recommend that public health professionals promote the use of smoking cessation websites as part of the overall strategy to help people quit smoking. 3, 4 In 2004, a national randomized telephone survey found that 95 million adults used the Internet to find health information, of whom 7% (over 6 million people) searched how to quit smoking. 5 In 2012, a nationwide, federally funded mass media smoking cessation campaign resulted in 629 898 unique visitors to the campaign's cessation website, a 428% increase from the same period the prior year. 3 Evidence suggests that smoking cessation websites can be effective in helping smokers make quit attempts [6] [7] [8] [9] and learn how to cope from withdrawal.
smoking is more common among those with lower levels of education, 1 suggesting that smokers are less "health literate" when compared to the general population. For example, in a study involving 258 smokers from a local hospital, 54% of the patient sample had a reading level of less than the sixth grade. 12 Another study showed that 18% of the 599 pregnant smokers sampled from an obstetrics clinic had a reading level at or below the sixth grade. 13 As such, the U.S. Department of Health & Human Services (USDHHS) recommends that written health material should be clear and effective. Specifically, the USDHHS regards material written at or below a sixthgrade reading level as "easy" to read, material between seventh grade to ninth grade is considered "average," and material written at or above the 10th-grade reading level is "difficult" to read.
14 The USDHHS generally recommends that health materials be written at or below a sixth-grade reading level, especially for materials that health educators would like to be easy to read, 14 such as smoking cessation materials. This recommendation was also made in Doak et al's 15 well-cited book and in the American Medical Association's guide 16 on how to communicate with patients who have low levels of literacy. Since then, several research studies have used the recommended reading level as a rule of thumb for investigating the reading level of materials on a wide range of medical topics, such as heart disease, cancer, stroke, chronic obstructive pulmonary disease, skin disease, surgery, and so on. 17, 18 There are few studies on the readability of online smoking cessation materials. Several previous studies have reported that smoking cessation materials in print form have been written at a high reading level 12, [19] [20] [21] [22] ; however, only a few studies have focused on online smoking cessation materials. In 2003, Cheh et al 23 assessed the quality and usability of 30 popular smoking cessation websites, which were selected from smoking cessation books that recommended certain websites, as well as from a general Internet search engine. Of the websites included in the study, one was from the Centers for Disease Control and Prevention, 3 were from state health departments, and one was from the American Lung Association. Other websites were from private companies, nonprofit organizations, and websites from other countries, including Canada, Australia, and the United Kingdom. In their analysis, Cheh et al found that only 2 (6.7%) websites were written at below the sixth-grade level. 23 Likewise, Bock and colleagues 24 studied the quality and usability of 46 smoking cessation websites. The websites were screened and selected from several Internet search engines. The websites included one from the Centers for Disease Control and Prevention, one from the Surgeon General, one from a state health department, and one from the American Cancer Society. Other websites were from private companies, nonprofit organizations, and websites from other countries, including Canada and the United Kingdom. The websites had an average reading level of eighth grade and 25% of the websites were written at or above the 12th-grade level. 24 Finally, Brunette and colleagues 25 examined the adequacy of content and usability of the homepage and medication page of 4 smoking cessation websites. The first 4 websites were selected using an Internet search engine, which included 2 from private foundations, one from a tobacco company, and one from the U.S. Department of Health and Human Services. Brunette et al found that only 2 of the 4 websites' homepages and only one medication page were below the sixth-grade reading level. 25 
Purpose
Taken together, it is important that we ascertain the readability of online smoking cessation materials promoted by leading government health agencies and highly recognized voluntary health organizations. As mentioned previously, Cheh et al, 23 Bock et al, 24 and Brunette et al 25 focused primarily on .com websites from tobacco industries, private companies, nonprofit organizations, and health organizations from other countries. These studies did not explicitly focus on smoking cessation websites from leading health organizations that value and promote evidence-based practices, such as making health material readable by those with low literacy skills. As such, our study builds upon the work of previous studies by determine the reading level of online smoking cessation materials from several federal, state, and esteemed voluntary health organizations' websites.
Methods

Website selection
In April 2016, the cessation websites analyzed in this study were gathered as a purposive sample of leading governmental and voluntary health organizations. These included websites from several federal government health agencies, state health departments, and several voluntary health organizations with an emphasis on smoking cessation. Specifically, each state health department's smoking cessation website was included in the study. In terms of federal and voluntary agencies, websites were selected as a purposive, convenience sample based upon the researchers' knowledge and experience regarding recognized smoking cessation websites.
The websites were included in the study if they contained smoking cessation information for smokers. The websites were excluded if they (1) did not include smoking cessation information for smokers, (2) only listed a phone number to the state quitline, or (3) had malfunctioning hyperlinks.
Data analysis
The smoking cessation information from each website was analyzed using the SMOG 26 (Simple Measure of Gobbledygook) 27 readability formula. McLaughlin created SMOG to estimate the readability of material based upon the total number of polysyllabic words, which are words made up of 3 or more syllables. 26 The SMOG readability is considered accurate and is highly correlated with other readability formulas; as such, SMOG has been recommended by the U.S. National Cancer Institute for determining the reading level of informational pamphlets about cancer. 28 Moreover, SMOG is one of the readability formulas recommended by the USDHHS and is commonly used by researchers and practitioners in medical and public health fields. 29 Before using the SMOG formula, a sample of sentences was collected from the entire text. In the procedure, 10 consecutive sentences were collected near the beginning of the text, as well as near the middle and end of the text, for a total sample of 30 sentences. 26 The SMOG formula defines a sentence as several words that are punctuated with a period, question mark, or exclamation point. In addition, words that are assessed for being polysyllabic include hyphenated words (which are considered a single word), numbers (pronounced to assess whether they are polysyllabic), proper nouns, and abbreviations (which are read as unabbreviated). 14, 29, 30 For this study, the entirety of each website's smoking cessation information was copied and pasted into its own respective document. The sample of sentences was gathered near the beginning, middle, and end of the document.
It is important to note that text not targeted toward smokers was not included in the sample of sentences. Because our study is focused the readability of smoking cessation websites that are written for smokers, we did not want to include information on websites that were written for nonsmokers. For example, several websites had portions of text dedicated to educating the family members or friends of a smoker how to encourage the smoker to make a quit attempt. Because this information was not specifically written for a smoker to read, it was not included when sampling sentences.
From the sample of 30 sentences, the SMOG formula was used to determine the reading level. All of the polysyllabic words in the sample were tallied by highlighting and counting the words, including any polysyllabic words that were repeated. The square root of the total number of polysyllabic words was then estimated by taking the square root of the nearest perfect square. As an example, if there were 95 polysyllable words within the 30-sentence sample, its nearest perfect square would be 100, giving a square root of 10. If, however, the total number of polysyllable words fell between 2 perfect squares, the lower number was chosen for the formula. For example, if there were a total of 110 polysyllable words within the 30-sentence sample, the lower square root of 100 would be used for the SMOG formula, instead of 121. Finally, a constant of 3 was added to the square root, resulting in the SMOG grade, which is the reading grade level. In the previous example, the reading level would be 13, which would be considered the first year of college. It should be noted that due to the standard error of the SMOG formula, the reading level is estimated within ±1.5 reading levels. 26 There was a modified procedure for text that does not contain a total of 30 sentences. First, the total number of sentences was counted. Then, all of the polysyllabic words were tallied and the average number of polysyllabic words was calculated per sentence. Next, the total number of sentences was subtracted from 30 and then multiplied by the average. That number was then added to the total number of polysyllabic words. Finally, the nearest perfect square root was determined and added to the constant of 3. 29 Finally, the authors omitted polysyllabic words that would be commonly known. These words included polysyllabic states (eg, Alabama, Minnesota, Tennessee), because the smoker would likely be able to read and recognize the name of the state in which they reside. In addition, the authors omitted polysyllabic words that would be common among smokers: tobacco, nicotine, and cigarette(s).
Results
A total of 59 websites were selected, including 5 websites from national health organizations (Table 1) , 50 state health organizations (Table 2) , and 4 voluntary health organizations (Table 3) ; however, 4 state departments of health were excluded from the analysis because the websites did not include smoking cessation information. These websites either only listed a phone number to the state quitline or had malfunctioning hyperlinks at the time of the study.
It is important to note that most state departments of health cessation websites were paired with their state quitline. In addition, several states utilized the websites quitlogix.org or quitnow.net as their state's smoking cessation website. The smoking cessation information provided by those state websites was identical, with the exception of the name of each state.
Of the 55 websites included in the analysis, reading levels ranged from seventh grade to third year in college. The median reading level was ninth grade (M = 9.96, SD = 1.51). None of the websites were written at an easy reading level (ie, fourth grade to sixth grade) recommended by the USDHHS (Table 4 ). A Kruskal-Wallis H test was performed to determine whether there was a statistically significant difference in reading level of online smoking cessation materials between state, federal, and voluntary agencies; no significant difference was found, χ 2 (2) = 0.79, P = .67.
Discussion
The purpose of this study was to assess the readability of online smoking cessation materials created by government health agencies and voluntary health organizations. The study built upon previous studies by Cheh et al, 23 Bock et al, 24 and Brunette et al 25 by focusing on online smoking cessation materials from health organizations that claim to use evidence-based practices, rather than from other organizations, which may not be aware of evidence-based practices of Health Education, such as creating smoking cessation materials that are easy to read. Of the 55 websites analyzed in the study, none had a recommended reading level of fourth grade to sixth grade. It is important to reflect on these findings and discuss their implications for practice and future research.
The study's findings suggested that government and voluntary health organizations' online smoking cessation information failed to meet the USDHHS's recommendation regarding the reading level of health-related material. Government and voluntary health organizations hold themselves, and others, to a high standard of adhering to evidence-based practices. Thus, it is disconcerting that these organizations' websites do not meet the recommended reading level. It is important that these organizations model appropriate practices for Health Educators and smoking cessation specialists when creating these types of cessation materials, especially from the national government. It is ironic that the USDHHS provides Health Educators with resources to assist in creating easy-to-read health materials, 31 yet several of their own materials analyzed in this study had high reading levels and were not statistically significant in terms of being different from the reading level scores of state health agencies and voluntary health organizations.
Unfortunately, the current study demonstrates that there has been minimal, if any, change in the reading level of cessation information provided to smokers over the past few decades. Earlier studies from the 1980s highlighted the issue of readability for information provided to smokers. 12, 22 The current study's findings are similar to previous research outlining the high reading levels used in smoking information in both print and online cessation materials. 12, [19] [20] [21] [22] [23] [24] [25] This trend needs to change in order to maximize the future impact of health educations materials for smokers interested in cessation.
This study also suggests that the Plain Writing Act of 2010 may not be adhered to regarding federal health agencies' smoking cessation materials. On October 13, 2010, President Obama signed the Plain Writing Act of 2010 into law, which requires federal agencies to use "clear Government communication that the public can understand and use." 32 Granted, although the Act may not explicitly specify that materials be written at or below the sixth-grade reading level, our findings indicate that staff at federal health agencies need to revise smoking cessation materials to at least comply with recommendations from leading voices in the field of public health in order to make the materials easy to read. The Act was a breakthrough in the government realizing the need to create clear, understandable communication to American citizens. From a Health Education perspective, the Act should be viewed as model policy to state and voluntary health organizations regarding health communication.
In addition, the findings from this study reflect a broader issue regarding the reading level of Health Education materials from various health topics. A large body of research within other health-related topics suggests that the reading level of nearly all educational materials is too high. These include materials regarding a wide array of health issues. 17, 18, 33, 34 Health Educators need to realize and act upon the need for educational materials that are easy to read. 
Limitations
Several limitations need to be considered when interpreting the results from this study. First, it is important to note that reading level scores are not the sole factor involved with measuring ease of reading and comprehension. Other factors include clarity of information, formatting of the materials, cultural suitability of the content, and so on. 14 Moreover, reading level scores are simply scores that do not take the reader into consideration. All written materials should be pretested to ensure that the target audience can comprehend the information.
14 Thus, it is possible that websites with high reading level scores in this study are indeed comprehendible by the intended audience.
Second, grade-level scores are less precise than they appear. For example, due to the SMOG formula's standard error, reading scores are approximated within ±1.5 reading levels. 26 Therefore, it is possible that websites scored at the eighth-grade reading level could actually be near the sixth-grade reading level. 14 Third, the websites included in the study were from a convenience sample. The authors may have failed to include all possible smoking cessation websites provided by governmental and voluntary health organizations. As such, the findings from this study are not generalizable to all smoking cessation websites.
Fourth, given the procedures of the SMOG formula, it is possible that the reading level scores would vary if replicated. The authors sampled 30 sentences from large bodies of text. Previous research suggests that different components of smoking cessation materials may be written at varying reading levels. For example, Brunette and colleagues found noteworthy differences between the reading level scores of homepages and medication pages of smoking cessation websites. 25 Consequently, it may be possible that the reading level of each website could vary depending on the sentences collected from the beginning, middle, and end of each website's text.
Finally, because the study's methods excluded common polysyllabic words (eg, Minnesota, Tennessee, cigarette, nicotine), the online smoking cessation material would have been even higher in reading levels. However, the authors believed that it was necessary to remove these words from the sample of sentences, because it was likely that smokers would be able to identify the state in which they reside and common terms regarding smoking.
Translation to Health Education Practice
The authors recommend that health professionals who are responsible of online smoking cessation materials should update their text to aim for the health literacy levels of the public and smokers alike. Due to the high popularity of Internet usage, including almost all ages and socioeconomic statuses, 5, 35 and because research shows that cessation websites can be effective in helping smokers to make quit attempts, [6] [7] [8] [9] one could safely assume that a simple reduction in the reading level of online smoking cessation information could have an even greater impact. The amount of time and energy required to update these materials would be a worthwhile investment to improve readability and health outcomes.
Creating Health Education materials that are easy to read is within accordance to the National Commission of Health Education Credentialing's Area of Responsibility VII.
Area VII tasks health educators with clearly communicating Health Education to others. Two subcompetencies (7.1.2, 7.1.3) within Area VII outline Health Educator skills of being able to identify the intended audience's literacy level and to tailor health messages for that audience. 36 These are crucial subcompetencies for ensuring that health messages are communicated effectively to others. These reflect the need for smoking cessation materials to be easy to read for the intended audience.
There are several helpful resources that health professionals can use to reduce the number of polysyllable words in their online smoking cessation materials. For example, the Centers for Disease Control and Prevention provides several free, online materials that can guide health professionals to write in plain language that is easy to read, such as the "Everyday Words for Public Health Communication" guide or the "Plain Language Planner." 31 These documents act as a type of thesaurus for Health Educators to replace technical, polysyllable terms with words that are shorter and easier to read. Likewise, the National Institutes of Health's "Plain Language at NIH" website contains a free training module for Health Educators to learn how to write documents that are easy to read. 37 Finally, the authors suggest that state and voluntary health organizations implement policies similar to that of the Plain Writing Act of 2010. 32 Although the Act is a law for federal agencies, state and voluntary health organizations could implement similar policies internally. Such policies would require Health Education materials to be written at lower reading levels and be vetted before being published. The authors recommend that such policies specify that the reading levels be at or below the sixth grade to reflect the recommendations of the USDHHS and others.
